In this paper, we use the second kind Chebyshev wavelet operational matrix of fractional integration for solving fractional order linear partial differential equations.
Introduction
The subject of fractional calculus (that is, calculus of integrals and derivatives of any arbitrary real or complex order) has gained considerable popularity and importance during the past three decades or so, due mainly to its demonstrated applications in numerous seemingly diverse and wide spread fields of science and engineering. It does provide several potentially useful tools for solving differential and integral equations, and various other problems involving special functions of mathematical physics, as well as, their extensions and generalizations in one and more variables, [1] .
Fractional differential equations are generalized from classical integer-order ones, which are obtained by replacing integer-order derivatives by fractional ones.
Their advantages comparing with integerorder differential equations are the capability of simulating natural physical process and dynamic system more accurately, [3] .
The partial differential equations involving derivatives with non-integer orders have shown to be adequate models for various physical phenomena in areas, such as damping laws, diffusion processes, etc. Other applications include electromagnetic, electrochemistry, arterial science, and the theory of ultra-slow processes and finance, [2] .
However, several numbers of algorithms for solving fractional order partial differential equation have been investigated. Suarez in [4] used the eigenvector expansion method to find the solution of motion containing fractional derivative. Podlubny [5] used the Laplace transform method to solve fractional differential equations numerically with Riemann-Liouville derivatives definition as well as the fractional partial differential equations with constant coefficients Meerscharet and Tadjeran [6] proposed the finite difference method to find the numerical solution of two-sided spacefractional partial differential equations. Momani [7] used a numerical algorithm to solve the fractional convection-diffusion equation with nonlinear source term. Odibat and Momani [11] used the variation iteration method to handle fractional partial differential equations in fluid mechanics. Jafari and Seifi [12] solved a system of nonlinear fractional partial differential equations using homotopy analysis method. Wu [2] derived a wavelet operational method to solve fractional partial differential equations numerically. Chen and Wu [8] used wavelet method to find the numerical solution for a class of fractional convection-diffusion equation with variable coefficients. Geng [9] suggested a wavelet method for nonlinear partial differential equations of fractional order.
Guo and et. al [10] used the fractional variationl homotopy perturbation iteration method to solve a fractional diffusion equation.
In this paper, the same approach given in [2] will be used but with the use of Chebyshev wavelets method to solve the fractional order partial differential equations. Wavelet analysis as a new approach of mathematics is widely applied in signal analysis, image manipulation, and numerical analysis, etc. It mainly studies the expression of functions, that is functions are decomposed into summation of "basic functions" and every "basic functions" is obtained by compression and translation of a mother wavelet function with good properties of locality and smoothness, which makes people can analyze the properties of locality and integer in process of expressing functions [13] . Beside their conventional applications in signal and image processing, wavelet basis had received attention dealing with numerical solutions of integer order as well as fractional order differential equations. Wavelet basis can be used to reduce the underlying problem to a system of algebraic equations by estimating the integrals using operational matrices [3] , [15] and [16] .
Recently the operational matrices of fractional order integration for the Haar wavelets, the Chebyshev wavelets and the Legendre wavelet have been developed in [14] , [17] , [18] and [19] to solve the fractional order differential equations.
Fractional Derivatives and Integration
There are several definitions of fractional derivatives of order  > 0, ([20] , [21] ).
The two most commonly used definitions are the Riemann-Liouville and Caputo in which each definition uses Riemann-Liouville fractional integration and derivative of whole order. The difference between the two definitions is in the order of evaluation.
Rimann-Liouville fractional integration of order  is defined as:
 The next two equations define RiemannLiouville and Caputo fractional derivatives of order , respectively.
   where n  1 <   n and n  IN. Properties of the fractional derivatives and integration can be found in [5] , we mention the following:
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The Second Kind Chebyshev Wavelet
Wavelets constitute a family of functions constructed from dilation and translation of a single function (x)  called the mother wavelet. When the dilation parameters a and the translation parameter b vary continuously we have the following family of continuous wavelet as [23] , [24] : 
We should note that in dealing with the second kind Chebyshev wavelet the weight function (t) (2t 1)     % have to be dilated and translated as: (13) where P is the mm operational matrix for integration, [24] .
Next, we shall present the derivation of the second kind Chebyshev wavelet operational matrix that was given in [25] and for this purpose we rewrite Riemann-Liouville fractional integration as following: Using Eqs. (18) and (19) 
From Eqs. (20) and (21) 
The Approach
In this section we shall use the numerical approach given by [2] to find the numerical solution for the linear fractional partial differential equations but by the second kind Chebyshev wavelet the integration of
with respect to variable t yields: Similarly, the fractional integration order  of Y(x,t) with respect to variable x can be expressed as: In general, performing the double integration to the function Y(x,t) with fractional order  to variable t and fractional order  to variable x, we obtain:
Equations (25) and (26) are the main formulae for solving a fractional partial differential equation numerically via the second kind Chebyshev wavelet operational method.
The above procedure will be clear and illustrated by the following numerical examples given in the next section
Numerical Examples
In this section we will use the Chebyshev wavelet operational matrices of the fractional integration to solve linear fractional order partial differential equations and the results obtained using this scheme will be compare with the analytical solution or the solution obtained using other method or approaches.
Example 1:
Solve the following partial differential equation: (25) and (26) into (32), it gives:
where J is the matrix
By multiplying We use the operational method to solve the below fractional partial differential equation: 
And the numerical solution of the above example using Chebyshev wavelet operational matrix will be similar to the Haar wavelet matrix given by [2] , as below: 
Conclusions
In this paper, the numerical approach given by [2] was applied to solve fractional order partial differential equations but with the aid of the second kind Chebyshev wavelets operational matrices.
The results obtained of the tested examples are coincides with the results of [2] using the Haar wavelets.
The solution is convergent even though the size of increment may be large.
